Purpose: Patients with comorbidities are more likely to experience treatment-related toxicities and death. Our aim was to examine the effect of comorbidity on postoperative survival outcomes in patients with solid cancers. Methods: In total, 37,288 patients who underwent potentially curative operations for solid cancers at four affiliated hospitals of the Chang Gung Memorial Hospital, between 2007 and 2012, were stratified according to the Charlson Comorbidity Index (CCI) for postoperative survival analysis. Multivariate Cox regression was used to adjust hazard ratios of survival outcomes among different CCI subgroups. Results: A significantly greater proportion of patients with comorbidities presented with poorer clinicopathological characteristics compared to those without. After cancer surgery, 26% of patients died after a median follow-up duration of 38.9 months. Overall mortality rates of patients with CCI scores of 0, 1, 2, 3, 4, and 5-8 were 22.9%, 29.5%, 38.2%, 43.2%, 50.2%, and 56.4%, respectively. After adjusting for other clinicopathological factors, patients with increasing CCI scores were associated with significantly reduced overall and noncancer-specific survival rates, while only patients with CCI scores of >2 were associated with higher cancer-specific mortality rates. Conclusions: Patients with increasing numbers of comorbidities were associated with reduced postoperative survival outcomes. Patients with multiple comorbidities were most vulnerable to both cancer-and noncancer-specific deaths in the first 6 months after cancer surgery. Our results suggest that for both the patient and clinician, it should be taken into consideration about cancer surgery when dealing with multiple comorbidities.
Introduction
Comorbidity indicates the presence of one or more additional medical disorders co-occurring with a primary disease within the same individual. The prevalence of disease rises with age; therefore, comorbidity becomes increasingly more common over a person's life span. With the aging of the general
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International Publisher population and advancements in medical care, the prevalence of chronic diseases has doubled between 1985 and 2005, and the proportion of patients with ≥4 chronic diseases has increased 3-fold [1] . A large cross-sectional study from the Scotland Medical Database reported in 2007 that 42% of all patients had at least one comorbidity, while 23% had >2 comorbidities [2] .
Comorbidity is not only a feature of old age, but is also particularly associated with people who experience poor social support, high levels of socio-economic deprivation, and mental health disorders [2] . In addition, comorbidity is often associated with a decline in functional reserves and an increasing prevalence of frailty. Therefore, patients with comorbidities are more likely to have suboptimal outcomes and experience more treatment-related toxicities. The impact of comorbidity is undoubtedly apparent in cancer patients. Previous studies have suggested that cancer patients with multiple comorbidities are associated with a delay in cancer diagnosis [3] , increased risk of surgical complications [4, 5] , higher postoperative mortality rates [6] [7] [8] , and a greater usage of medical resources [9] . For example, a population-based cohort study from Sweden demonstrated that patients with comorbidities have an increased risk of all-cause mortality after curative surgery for esophageal cancer of 1.24-fold compared to those patients without comorbidities [10] . Furthermore, a review study found that patients with comorbidities have poorer survival outcomes (5-year mortality hazard ratios of 1.1-5.8 across various types of cancer) than those without comorbidities [11] . Unfortunately, in spite of the knowledge of the importance of comorbidities in cancer patients, it remains unclear whether the negative influence of comorbidity is attributable to canceror noncancer-specific mortality rates.
Cancer-related mortality has been recognized as the leading cause of death in Taiwan since the National Registry of Death database was made available in 1981 [12, 13] . The proportion of cancer-related deaths has increased annually, accounting for 25% of the total number of deaths in Taiwan in 2014 [12, 13] . The population older than 70-years of age in Taiwan has increased 2.4-fold between 1989 and 2014 [14] . With the aging of the general population and increasing incidence of cancer worldwide, there is an urgent need to improve our clinical understanding of the influence of comorbidity on postoperative outcomes in cancer patients. The aim of this study, therefore, was to examine the effect of comorbidity on survival outcomes, in particular cancer-and noncancer-specific survival rates, after surgery in patients with solid cancers.
Methods

Patient selection
In total, 37,288 patients who underwent radical surgery for solid cancers at four affiliated hospitals of the Chang Gung Memorial Hospital (Linkou, Keelung, Chiayi, and Kaohsiung) between January 2007 and December 2012 were included in this study. Patients with pathologically or radiographically suspicious malignancies underwent radical resection of their primary cancers with curative intent. Patients who underwent palliative resection or bypass surgery were excluded, as were patients with skin cancers and superficial urinary bladder cancers. All patients were stratified into subgroups, according to comorbidity using the Charlson Comorbidity Index (CCI) [15] , for postoperative survival analysis. This study was approved by the Institutional Review Boards at all four affiliated hospitals of the Chang Gung Memorial Hospital, in compliance with the Helsinki Declaration fourth revision (1996). [16] . ASA scores were provided at preanesthetic evaluation by anesthesiologists while CCI scores were calculated from tabulated electronic record forms using the International Classification of Diseases Ninth Revision coding. A modified CCI that excluded scores for patient age and type of cancer was used in this study. Patients with a diagnosis of more than one tumor within the study period were analyzed from the date of surgery of the first tumor. Patients receiving multiple surgeries for their primary tumors within the study period were analyzed from the date of the first surgery. All included patients were followed-up until death or June 30, 2014. Overall survival was determined from the time of surgery to any cause of death or the date last known to be alive. Cancer-and noncancer-specific mortalities were defined as death due to cancer and any cause of death other than cancer, respectively. All dates of death were obtained from either the Institutional Cancer Registry or Taiwan Cancer Registry.
Statistical analysis
Basic demographic data were summarized as n (%) for categorical variables. Differences in the distribution of clinical variables among different age groups were compared using the Chi-squared test. Survival durations were calculated using the Kaplan-Meier method. The effect of CCI scores on survival was assessed using the Cox proportional hazards model. Adjusted hazard ratios for different CCI subgroups were estimated by performing a multivariate Cox regression after adjusting for gender, age, prior history of cancer, ECOG scale, ASA score, admission mode, primary cancer site, tumor stage, and tumor grade. These nine clinicopathological variables were selected, according to our previous study [17] , with the intent of minimizing potential confounding effects on postoperative survival outcome in cancer patients. Statistical analyses were conducted in Statistical Package for the Social Sciences (SPSS) for Windows Software Version 17.0 (SPSS Inc., Chicago, IL, USA). All statistical assessments were two-sided. Probability (p)-values below 0.05 were considered statistically significant.
Results
Baseline characteristics of the patients included in this study are summarized in Table 2 . Among the 37,288 patients who underwent cancer surgery between 2007 and 2012, 69.1%, 21.4%, 6.4%, 1.8%, 0.8%, and 0.4% exhibited CCI scores of 0, 1, 2, 3, 4, and 5-8, respectively. A significantly greater proportion of patients with comorbidities were male who presented with older age, greater admission from emergency departments, poorer ECOG scales, higher ASA scores, more extensive histories of cancer, more poorly differentiated grades of tumor, and greater numbers of primary tumor sites within intra-abdominal organs as compared to those patients without comorbidities.
After a median follow-up duration of 38.9 (interquartile range, 22.8-60.4) months, 9,704 patients (26.0%) had died after cancer surgery at the date of study censor. Cancer-and noncancer-specific mortality rates were 17.6% and 8.5%, respectively. Overall mortality rates of patients with CCI scores of 0, 1, 2, 3, 4, and 5-8 were 22.9%, 29.5%, 38.2%, 43.2%, 50.2%, and 56.4%, respectively (Figure 1) . Figure 2 represents a histogram of the cancer-and noncancer-specific mortality rates for each CCI subgroup at the date of study censor. In general, patients with higher CCI scores were associated with both increased cancer-and noncancer-specific mortality rates. Hazard ratios of univariate and multivariate analyses of overall, cancer-, and noncancer-specific mortality rates, as stratified according to CCI subgroups, are shown in Table 3 . Patients with increasing CCI scores were associated with significantly poorer outcomes in terms of overall and noncancer-specific mortality rates, in both the univariate and multivariate analyses. Consideration of the cancer-specific mortality rates, however, revealed patients with increasing CCI scores to be significantly associated with higher mortality rates in the univariate analysis, but only patients with CCI scores of >2 were found to be significantly associated with higher mortality rates in the multivariate analysis compared to those patients without comorbidities.
Given many patients died within the first 2-years after cancer surgery, we calculated the mortality rates according to CCI stratification within each quarter up to the end of the first 2-years after cancer surgery, with the intent of analyzing the impact of CCI subgroups on cancer-and noncancer-specific mortality risk (Figure 3) . The cancer-specific mortality rates in each quarter were consistent (range, 1.7%-2.0%) during the first year after cancer surgery, and gradually declined from 1.5% in the fifth quarter to 1.1% in the eighth quarter after cancer surgery, in the overall population. By contrast, the overall noncancer-specific mortality rates were shown to be consistent (range, 0.6%-0.9%) in each quarter up to the end of the first 2-years after cancer surgery. In general, patients with increasing CCI scores were associated with higher cancer-specific mortality rates compared to those patients without comorbidities. However, differences in cancer-specific mortality rates between different CCI subgroups were diminished until the sixth quarter after cancer surgery. Again, patients with CCI scores of >2 were associated with higher noncancer-specific mortality rates after cancer surgery. However, differences in noncancer-specific mortality rates between patients with CCI scores of 0-2 and >2 were only observed in the first two quarters after cancer surgery. 
Discussion
In this study, we evaluated the influence of comorbidity on survival outcomes in patients with solid cancers undergoing potentially curative resections in multiple centers within a 6-year period. Through the integration of prospectively collected electronic medical records [17] and deceased data obtained from the Taiwan Cancer Registry, we were able to analyze patient demographics, cancer types, histories of previous cancers, tumor stages, admission types, and associated medical comorbidities in a non-biased and quantitative manner with minimal absent data. Accordingly, our study identified that patients with increasing CCI scores were associated with a greater postoperative mortality risk, including increased overall, cancer-, and noncancer-specific mortality rates. Most importantly, our study also demonstrated that patients with multiple comorbidities (especially CCI scores of >2) were most vulnerable to noncancer-related deaths within the first 6 months after cancer surgery.
Surgical resection is the most common curative modality for patients with localized solid cancers. However, surgery can result in substantial morbidity and mortality in cancer patients, especially in those who are medically unfit or frail to begin with [18] [19] [20] [21] [22] .
Consistent with previously published reports, our findings have demonstrated that patients with increasing numbers of comorbidities are associated with poorer postoperative survival outcomes, both in terms of cancer-and noncancer-specific mortality rates. However, differences in survival outcomes among patients within different CCI subgroups were less distinct after adjusting for other clinicopathological characteristics. Our results remind us that patients with comorbidities are associated with a higher prevalence of poorer clinicopathological features; therefore, the true impact of comorbidities on survival outcomes may be more predictable after adjustment or concurrent consideration of those negative predictors. For example, a recent study of ours has demonstrated that surgical mortality risk was highest among older patients with multiple concomitant comorbidities and functional limitations (50% postoperative 3 month mortality rate compared to a 1% postoperative 3 month mortality rate in patients with no comorbidities and normal functional status [23] ). The high risk of postoperative mortality for extremely frail patients should be weighed against the potential benefits in order to determine their eligibility for surgery that may assist in the decision-making process as well as the design of alternative treatment options [24] .
Previous studies have suggested that the presence of comorbidities increases the risk of all-cause mortality in patients with cancer [25] [26] [27] [28] . Survival outcomes in cancer patients worsen as the number of comorbidities increases [28] . The impact of comorbidity on survival outcomes in cancer patients is undoubtedly apparent, through increasing postoperative complications [4, 5] and poor adherence to adjuvant treatments [29] [30] [31] . Beyond inadequate treatments for cancer, several studies have suggested that cancer survivorship is associated with an increased likelihood of substandard care across a broad range of chronic medical conditions [32, 33] . In contrast, a survey that compared primary care physicians and oncologists, with respect to their practices for the care of breast and colon cancer survivors, reported that primary care physicians were less likely than oncologists to endorse routine use of recommended tests for detecting cancer recurrence [34] . Therefore, a shared care model by coordination between the oncologist and primary care physician may offer an innovative approach for the monitoring of cancer survivors [35, 36] .
Traditionally, postoperative 30-90 day mortality rates have been used as a measurement for predicting surgical risk [37] . However, surgical complications are not limited to the immediate postoperative period. A significant number of patients live for longer than 30 days after surgery but die within a year [38] . The increment in postoperative one-year mortality risk was especially prominent in elderly patients, those with comorbidities, and those who received emergent surgeries [18] . Consistent with these findings, our study showed a steady proportion of patients dying due to cancer in each quarter during the first year after cancer surgery. Furthermore, our study also demonstrated that patients with CCI scores of >2 were most vulnerable to noncancer-related deaths within the first 6 months after cancer surgery. There were no significant differences in noncancer-specific mortality rates between patients of different CCI subgroups, who lived beyond 6 months after cancer surgery. Discrepancies between mortality rates at different postoperative time points, among patients with multiple comorbidities, highlights the importance of identifying patients at increased risk of death after surgery and refinement of postoperative care in cancer patients with multiple comorbidities.
In addition to well-known clinical features, including older age, poorer ECOG scales, and higher ASA scores among patients with increasing CCI scores, our study has also demonstrated that these patients are characterized by higher proportions of male gender, poorly differentiated grades of tumor, emergency department admissions, advanced tumor stages, and primary tumor sites within the stomach and hepato-biliary-pancreatic tract. In a report studied over 1.5 million people from Scotland reported that the prevalence of multimorbidity increased with age [2] . The association of male gender and poorly differentiated grade of patients with increasing CCI scores in our study possible second to higher proportion of advanced tumor stage and visceral cancer types in these patients group. Previous studies reported that patients with increasing comorbidities are particularly associated with lower socioeconomic status [2] and advanced stage [3] , which often resulted in suboptimal cancer screening, treatment and follow-up. Fleming et al found women with cardiovascular and musculoskeletal diseases to be at a lower risk of receiving a diagnosis of advanced breast cancer [3] . One possible explanation is that patients with certain comorbidities (e.g., heart/lung diseases) are associated with a higher utilization of screening mammograms and greater likelihood of diagnosis of early stage breast cancer [39] . Since there is a distinct lack of specific clinical presentations and effective screening methods for the early diagnosis of visceral cancers, these reasons may possibly explain the disparities between the basic characteristics of patients with and without comorbidities in our study.
Following the installment of Cancer Prevention and Treatment Arc in Taiwan in 2006, all newly diagnosed cancer cases are reviewed by a cancer-specific multi-disciplinary team before any antitumor treatment in our institution. At Chang Gung Memorial Hospital, all patients with previous known diseases, the primary care physician will review the patient's medical record, medication and blood works to determine the status of the disease. For those found of comorbidities along with cancer diagnosis, a consultation of each specialist will be obtained as part of the preoperative evaluation and followed at an as-needed basis during the perioperative period. The goal of treating other comorbidities during the perioperative period is to prepare the patient for cancer surgery and reduce surgical risks. Once the patient is ready to be discharged, follow-up appointment is usually made to visit the specialist alongside with post-operative follow-up at an outpatient setting. If a patient preferred to find another specialist at his/her own discretion, a summary of treatment during hospitalization would be given. The patient is advised to bring his/her current medication record at each follow-up. Because the easily accessible healthcare system, in Taiwan, a patient is often followed by a specialist of each specific disease.
The strength of our study was the large patient numbers included in the design from across multiple institutes in Taiwan over a 6-year period. Our study evaluated the impact of comorbidities both on cancerand noncancer-specific survival outcomes after cancer surgery.
Additionally, several important clinicopathological variables that can potentially influence postoperative outcomes were prospectively identified and adjusted for to minimize their potential confounding effects on survival analysis. Therefore, our study is capable of representing the true impact of comorbidity on survival outcomes after cancer surgery. However, there were some limitations. Firstly, our study only included patients who underwent cancer surgery, and there was a selection bias towards patients who were offered and had received surgical treatment. Therefore, the true postoperative mortality risks may be underestimated in patients with solid cancers and comorbidities. Secondly, since this study calculated CCI scores from medical records using the International Classification of Diseases Ninth Revision coding it was not possible to evaluate the relationship between the severity of medical illnesses and survival outcomes. Thirdly, due to the heterogeneity of different cancer types, pathological variables, and differences in postoperative organ reserves, we did not include postoperative treatments (e.g., adjuvant chemotherapy or radiation therapy) in our statistical analysis; as such, treatment options were less available to patients with multiple comorbidities and might have had a confounding effect on survival outcome.
In conclusion, our study has shown that patients with increasing numbers of comorbidities are associated with poorer survival outcomes in terms of overall, cancer-, and noncancer-specific survival rates in patients with solid cancers who underwent cancer surgery. Patients with multiple comorbidities (especially CCI scores of >2) were most vulnerable to both cancer-and noncancer-specific deaths within the first 6 months after cancer surgery. Our results suggest that for both the patient and clinician, it should be taken into consideration about cancer surgery when dealing with multiple comorbidities.
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